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INTRODUCTION
In this paper I will describe the procedures by which scientific and technical
information is now transmitted, mention some of the problems involved in present
methods of communication, and summarize the achievements of the last fifteen
years in applying computers to the transfer of scientific and technical informa-
tion. A future information system, in which scientific and technical communica-
tion is completely paperless, will be conceptualized.
THE TRANSMISSION OF SCIENTIFIC AND TECHNICAL INFORMATION
Scientific and technical information is)transmitted through both formal and in-
formal channels. The formal channels mainly involve the use of printed documents
of various kinds, while the informal channels are more concerned with oral infor-
mation transfer. These compartments, however, are not watertight. Correspondence
may be regarded as an informal mode of communication, but it involves written
rather than oral information transfer. Printed documents may be disseminated
through "invisible colleges" and similar manifestations of informal communication,
This paper also appears in a slightly different form in NorDATA 1976: Konferens-
foredrag III (Helsinki, June 2-4, 1976), pp. 1294-1327 (ISBN: 951-762-019-5; ISSN:
0355-1679). Reproduced by permission of the publisher.
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while professional conferences combine formal presentations with the opportunity
for informal communication. Both types of communication are important for scien-
tific and technological progress. The activities of formal communication in sci-
ence are shown as a cycle in Figure 1. Research and development activities in
universities, in industry, and elsewhere lead to the writing of new documents
(e.g., journal articles, reports, patents) which are published and distributed
by primary publishers. Some copies go directly to scientists, while others are
acquired by institutional subscribers, mostly libraries and other information
centers. Libraries play a very important role in scientific communication be-
cause it is their responsibility to preserve and provide a guaranteed source of
access to the record of scientific accomplishment. They also organize and con-
trol the published literature through classification, cataloging and indexing
activities.. Libraries and other information centers, moreover, present and dis-
seminate information to the scientific and technical community through the loan
of materials, the provision of various kinds of reference services, literature
searching, and "current awareness" activities.
Another important function is that performed by the publishers of secondary
services (i.e. publications that abstract and index the technical and scientific
literature). Such services, covering entire scientific disciplines (such as the
Chemical Abstracts Service) or quite specific subject areas, provide a guide
and synopsis of the literature published in primary sources.
The individual scientist, engineer or other professional may receive information
from many sources: primary publishers, secondary publishers, libraries and infor-
mation centers, colleagues, and elsewhere. Some of this information may be assim-
ilated and used in individual research and development activities. These in turn
may lead to the writing of new documents, which are then published and distributed,
and thus the cycle continues. The flow of information as depicted in Figure 1 is
deliberately shown as a cycle because the process is continuous and regenerative.
Although the efficient transfer of information is essential to scientific and
industrial progress, the potential user of scientific and technical information
is faced with many problems, and these problems have become more critical with
time. A major one is caused simply by the growth of the literature. A reasonable
estimate is that the world population of scientific and technical periodicals is
now about 50,000, and this figure seems to be compounding at the rate of 4-5 per-
cent annually. Not only are more journals being published, but each journal is
publishing more, on the average, each year. For example, the American Institute
of Physics has estimated that the amount it publishes doubles about every eight
years. The technical report literature, the patent literature, the dissertation
literature, and other forms are all increasing at an exponential rate. Unfortun-
ately, the amount of time that any one individual has for studying this literature
remains more or less the same from year to year.
Moreover, as the literature grows it becomes increasingly dispersed over many
sources, making it difficult for the people to remain well informed in their
fields of specialization. If scientists try to keep up to date by regularly scan-
ning a handful of periodicals, they are unlikely to cover more than approximately
40-50 percent of the literature of potential relevance to their interests, and
will only reach this level if they happen to scan the journals that are the most
productive in their fields. Publication delays, too, reduce the value of formal
communication channels, and these delays tend to increase as more is written and
submitted for publication. An article published in a science journal may report
research completed a year or more earlier and begun, perhaps, some three years
before. Several more months may elapse before the article is indexed and abstracted
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in a secondary publication. The primary literature, and more particularly, the
secondary literature are archival rather than current, for they reflect the
research of the immediate past rather than of the present.
Finally, we have the problems of increasing cost. The cost of scientific publish-
ing has been growing much faster than costs in most other sectors of society. For
example, the average cost of a library subscription to a journal in chemistry or
physics in the United States increased a staggering 250 percent--from $18.42 to
$65.57 between 1965 and 1975. Needless to say, the average salary of a scientist
did not indrease at a comparable rate. Secondary publications have long since
priced themselves out of the pocket of the individual subscriber, and primary
publications in science are in danger of the same fate if they continue in their
present form.
Unfortunately, the budgets of libraries have not always grown at a rate fast
enough to compensate for the growth of the literature and for increasing pub-
lication costs, so there is a diminishing probability that a scientist will
find any particular item in any particular library that he or she uses. A
major factor in this gloomy cost picture is simply the fact that the library/
information service "industry," and the publishing industry on which it is
based, have both been highly labor-intensive and have benefited much less
than other industrial sectors from improved productivity through automation.
It is now quite widely recognized that improvements in formal scientific and
technical communication channels can only come through increasing automation.
APPLICATION OF COMPUTERS
The first application of computers to information retrieval occurred in the
1950s, although these devices only came into their own in this field in the
early 1960s. At that time a number of major systems were developed in the
United States, notably by the Defense Documentation Center (then known as the
Armed Services Technical Information Agency), the National Aeronautics and
Space Administration, and the National Library of Medicine. The system devel-
oped by the National Library of Medicine, the Medical Literature Analysis and
Retrieval System (MEDLARS), was the largest of these, both in terms of the
size of its files (growing at the rate of over 200,000 items a year) and in
terms of the population served. MEDLARS was implemented in 1964.
The computer-based systems for information retrieval developed in the 1960s
were all similar in many respects. They were operated in an off-line, batch
processing mode, and the computer itself served merely to match the charac-
teristics of documents (e.g., the index terms assigned to them) against the
characteristics of requests for information. All the intellectual processing
in such systems is conducted by humans, and it is, of course, the intellectu-
al processing and not the machine processing that governs the effectiveness
of the system. By "intellectual processing" we mean: (1) the activities in-
volved in the conceptual analysis of documents and the translation of these
conceptual analyses into the terms of some limited or controlled vocabulary
(eg., a thesaurus of descriptors), a process generally referred to as sub-
ject indexing; (2) the transformation of requests for information into formal
searching strategies consisting of descriptors or other index terms in
5specified logical relationships (the relationships of Boolean algebra);
(3) the construction and maintenance of the controlled vocabulary of the
system; and (4) the interaction with the community of system users, whereby
these users (requestors) make their needs known to the system.
The computer, then, plays a comparatively minor role in such systems because,
apart from its possible application to error detection in indexing and to
various housekeeping functions, it is used only in the searching component
of the complete system and there only to effect a match between document
representation and request representation. It also plays a minor role in that
it has virtually no influence on the effectiveness of the information retrieval
system (its ability to retrieve documents relevant to a particular information
need), which is governed instead by the intellectual factors mentioned earli-
er. Nevertheless, the computer does have significant influence on the cost-
effectiveness of information retrieval and on its overall efficiency (e.g.,
in terms of search time). In fact, computer-based systems offered very sig-
nificant advantages over earlier systems in the information retrieval environ-
ment, including the ability to: (1) handle extremely large files, (2) handle
many searches at one time, (3) provide multiple access points to documents
conveniently and economically, (4) conduct comprehensive and exhaustive
searches, (5) produce printed lists of retrieved citations or even high-
quality published indexes (through photocomposition), (6) produce microfilm
output, (7) generate system management information, and perhaps most important
of all, (8) create machine-readable files that can be shipped easily to other
users, thus making these files widely accessible through networking or other
cooperative activities, or through licensing and leasing agreements.
In terms of information transfer, the single most important development that
has occurred in the last decade has been the growth of machine-readable bibli-
ographic data bases. Many of the major information processing systems devel-
oped in this period were designed primarily as publication systems, particu-
larly systems to produce printed indexes or abstracts journals. MEDLARS was
the pioneering system in this respect, being designed primarily to produce a
major printed index (Index Medicus) by the use of a computer. In fact, in
developing its MEDLARS system, the National Library of Medicine supported the
design and implementation of the first device used in an operational environ-
ment for photocomposition under computer control. To photocompose a printed
index, indexing records must first put into machine-readable form. Once this
is done and the index is produced (e.g., on a monthly basis), a machine-
readable data base--essentially a byproduct of the publication process--becomes
available; this data base 'can be used for other purposes, including the gener-
ation of other publications and the provision of a machine literature search-
ing capability. The National Library of Medicine pointed the way, and many
other organizations have followed. Printed indexes and abstracts journals are
now produced routinely by photocomposition procedures under computer control,
and many important machine-readable bibliograhic data bases now exist as a
result. These machine-readable data bases include those of Chemical Abstracts,
Biological Abstracts, Engineering Index, Science Citation Index, Psychological
Abstracts, and Excerpta Medica. In fact, a conservative estimate would place
the number of machine-readable data bases of possible utility in the provision
of information services at around 300 in 1976. These files range in scope
from those dealing with entire scientific disciplines, such as chemistry or
6medicine, to some in highly specialized subject areas, such as epilepsy, tall
buildings, and interatomic potentials. Not only have these data bases been
produced, but the producers have been willing and even eager to make them avail-
able to other users under leasing, licensing or other arrangements.
A machine-readable data base can be used in a number of different ways in the
provision of information service. It can be used to generate printed indexes,
to conduct retrospective literature searches, or to provide a selective dis-
semination of information (SDI) service. A retrospective search, as its name
implies, is a search through a body of past literature in order to find items
on some topic of interest. Because a retrospective search is conducted only
when a demand is made by a particular individual, it is sometimes referred to
as a "demand search." An SDI service, on the other hand, is only concerned
with currently published literature. It is a type of current awareness or
alerting service. In SDI, the current subject interests of users are converted
into searching strategies, usually referred to as "user interest profiles."
These profiles are stored in machine-readable form. When new additions are
made to the files, e.g., on a monthly basis, these additions are matched by
computer against the stored interest profiles. Citations that match the in-
terests of a particular individual are printed out and mailed to that person,
thus enabling him or her to keep up to date on a regular basis in that field
of specialization.
An SDI service may be regarded as the obverse of a retrospective searching
service. In the latter document representations are stored and matched on
demand, with specific requests for information. In the former service requests
for information are stored ("standing requests," as it were) and matched
against incoming document representations. The use of computers in SDI has
been extremely successful and has created a revolution in the provision of
information service. If we are operating in a batch processing mode, SDI is
much more attractive economically than retrospective searching because at any
one time we are dealing with relatively small document files (i.e. the latest
output only). In retrospective searching, on the other hand, we may be dealing
with extremely large data bases (in excess of one million citations) spanning
several years, and very much more computer processing is involved. SDI, then,
is relatively inexpensive when compared with the retrospective searching of
very large data bases.
Off-line processing has many serious disadvantages in information retrieval
applications. The user must prepare a search strategy away from the data base
and without being able to interact with it. This searching strategy is put into
machine-readable form, batched with others and run when computer time becomes
available. Under the best of conditions, the turnaround time is likely to be
overnight and very frequently it may involve a delay of several days. It is
not until a printout of the search results is received that the user can deter-
mine whether the search has been successful. If it is judged unsuccessful, the
user must go through te whole process a second time, modifying his or her strat-
egy on the basis of this delayed feedback from the system.
It is clear that off-line systems for retrospective searching (but not necessar-
ily for SDI) have significant disadvantages: the response time is unsatisfactory
for any but the user involved in a relatively long-term project; the system
provides no capability for browsing; in constructing a strategy the searcher is
operating "blind" without being able to develop the strategy in an interactive,
heuristic manner; and, finally, the real system user (i.e. the person with the
information need) is unable to conduct his or her own search but must delegate
this responsibility to an information specialist who knows how to interrogate
the system.
On-line information retrieval systems offer all of the advantages that the off-
line systems offered without any of their disadvantages. A search can be inter-
active and heuristic, it can yield very rapid search results, and it can be
conducted by the person having the information need (i.e. it does not neces-
sarily require an information specialist). Some experiments with on-line infor-
mation retrieval were made in the early 1960s, and a number of important systems
were developed later in this decade, including Lockheed's DIALOG and the imple-
mentation of this system by the National Aeronautics and Space Administration
(NASA) as RECON (Remote Console). On-line systems for information retrieval
really came into their own in the 1970s, however, and in the last five years we
have seen a fairly widespread conversion of systems from off-line to on-line
processing. A notable example has been the conversion of MEDLARS to MEDLARS
On-Line (MEDLINE), a system supporting several hundred terminals in the United
States and elsewhere. Conversion of MEDLARS to MEDLINE increased the volume of
use of this data base in the United States from about 20,000 searches per year
to about 20,000 searches per month. Many of these developments have been dis-
cussed in detail by Lancaster and Fayen.
THE GROWTH OF INFORMATION SERVICES BASED ON MACHINE-READABLE FILES
As indicated earlier, the emergence of the machine-readable data base has
caused a major revolution in the provision of information service. If we accept
the MEDLARS data base as being the first to be made widely available (beginning
in 1965), then we have seen in one decade a growth of machine-readable files of
possible utility in the provision of information service from one to somewhat
more than three hundred. The National Library of Medicine (NLM) made its
MEDLARS data base widely available through cooperative arrangements with other
institutions, mostly medical libraries. Beginning with the University of
Colorado Medical Center in 1965, NLM established a network of MEDLARS centers
throughout the United States, each center being responsible for service to a
designated geographic region. This network was very soon extended beyond the
United States, with MEDLARS centers being established in Sweden, England, France,
Germany, Switzerland, Canada, Australia, Japan and elsewhere. The foreign
centers, and some of the centers in the United States, had their own computer
facilities. The data base was shipped to these centers in tape form and updated
monthly. The individual center would use the tapes for retrospective searching
and, in some cases, the provision of SDI service. The centers without computer
facilities acted only as search centers. Search strategies were prepared there
by trained analysts, but the searches themselves were run on the computer facil-
ities of NLM or some other MEDLARS center.
As more and more wholesalers of information (i.e. the producers of the major
indexing and abstracting services) have implemented photocomposition procedures,
more and more data bases have become available. Many of these data bases can
be leased by individual organizations in order to provide information services
within the organization itself. Thus, a large chemical company might lease a
data base from the Chemical Abstracts Service, a large engineering concern from
Engineering Index Inc., and so on. Once acquired, the data base can be used to
provide SDI and retrospective search services for the research and development
staff of the organization itself.
Unfortunately, it is relatively expensive to lease the larger data bases and
only very large organizations are likely to be able to afford this luxury. This
fact led to the development in the 1960s of a completely new kind of information
center, the "scientific information dissemination center" (SIDC). An SIDC is a
center, frequently located in a university, that enters into licensing arrange-
ments with several data base producers. A licensing arrangement provides the
center with the data base and with authorization to provide services on a fee
basis to any who wish to use them. SDI service is emphasized by these centers
(examples exist at the University of Georgia, the Illinois Institute of Tech-
nology, the University of California at Los Angeles, Nottingham University in
England, and Karolinska Institutet in Stockholm, Sweden), but retrospective
searches are also conducted on demand. The economics of information service
is very volume-dependent, and these centers are able to keep their charges at
a reasonable rate by generating a high level of demand from a wide audience
of institutional an individual users. Moreover, these centers provide a conven-
ient single source through which service can be obtained from a number of dif-
ferent data bases. Thus, a research group can have its interest profile matched
on a regular basis against two or more files.
The advent of on-line retrieval capabilities vastly increased the accessibility
of machine-readable files. One of the pioneers of on-line information service
was NASA, which made its important data base on the space and related sciences
available in the late 1960s through its RECON (Remote Console) system, an adap-
tation of Lockheed's DIALOG. Although RECON is an important system, it had a
limited impact on the library and information world in the United States because
its use is largely restricted to NASA facilities and NASA contractors (it is
used more widely, however, in Europe). A more important development in terms
of impact was MEDLINE, the on-line version of MEDLARS, which was implemented by
the National Library of Medicine in 1971. MEDLINE is based on ORBIT, a commer-
cially available software system developed by the System Development Corporation.
MEDLINE is of particular importance Lcause of its accessibility. By 1974 the
system was being used by approximately 250 medical libraries and other institu-
tions in the United States, with other users in Europe. MEDLINE was the first
system to be widely integrated into library services, and many medical librar-
ians are now using the system routinely for literature searching as a logical
extension of their traditional printed tools. MEDLINE gives them a searching
capability much more powerful than any they have had in the past. MEDLINE is
an example of an on-line system in which the users are accessing a remote data
base that is physically maintained by the producer of that data base. Another
important system of this type is the New York Times Information Bank, which
provides subscribers with on-line access to a most important data base in the
field of current affairs.
Another recent development has been the emergence of the on-line retailer of
information services. The on-line retailer operates in much the same way as a
scientific information dissemination center. The retailer acquires data bases
9through licensing agreements, loads them on his own computer facilities, and
sells access to these data bases on a subscription basis. Thus, the on-line
retailer provides a convenient single source through which several data bases
may be interrogated. Two major on-line retailers offering this type of service
are the System Development Corporation and Lockheed Information Systems. These
two organizations provide access to a wide range of bibliographic services in
the sciences and the social sciences.
A later development is the concept of a regional information center through
which scientists are given access to a large number of different data bases
via their own academic or industrial libraries. These services can be made
available at a number of different levels within a region. Some data bases can
be brought into the region and operated on-line or off-line on computer facil-
ities in the region itself. For other data bases, service may be purchased
from an existing supplier: the data base producer, a scientific information dis-
semination center, or an on-line retailer. Some data bases will be accessed,
from the regional center and/or from some of the larger libraries within the
region, by means of on-line connections with the producer of the data base. For
the less frequently used data bases it will be sufficient for the regional cen-
ter to be able to obtain service from the data base producer or some other cen-
ter when the need arises. In the long run, a regional center of this kind should
be capable of guaranteeing any scientist in the region access to any data base
that is needed for current awareness or retrospective search purposes and, be-
cause of the volume of demand in the region as a whole, of keeping the costs of
such service reasonably low. An important element in this scheme is the role
played by academic and industrial libraries in the overall provision of infor-
mation services. It is to his or her own library that the individual scientist
turns when the need for information arises. On the staff of the library there
must be people who know the full range of resources that are available in
machine-readable form and know how to obtain service from these files. In other
words, we need members of the library staff who specialize in the exploitation
of machine-readable data bases. This is becoming an important area of special-
ization within the field of library science, the individuals involved being
referred to as "information services librarians." A regional center of the
type outlined above is now being set up in the northeast United States. This
center, known as NASIC (Northeast Academic Science Information Center), is be-
ing established by the New England Board of Higher Education with funds pro-
vided by the National Science Foundation.
SOME EFFECTS OF COMPUTERIZATION ON ACCESSIBILITY AND ECONOMICS OF
INFORMATION SERVICES
The application of computers to the publication of secondary services has had
a number of important benefits. First, there is little doubt that printed in-
dexes and abstract journals would now cost even more if they were not produced
with the benefit of machine aid. One of the great advantages of producing a
data base in machine-readable form is that, from a single indexing and input
operation, it is possible to generate a number of products and services, in-
cluding published indexes, SDI, and retrospective search services. The National
Library of Medicine, for example, generates a data base from which Index Medicus
is printed, many specialized bibliographies in various branches of medicine are
automatically generated at regular intervals, SDI services are provided, and
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retrospective searches are undertaken. The production by NLM of its "recurring
bibliography" series is an innovative application of computers to the publica-
tion of printed indexes. These specialized bibliographies are created through
the use of stored search strategies (rather like SDI profiles) which retrieve
the citations of potential interest to various segments of the medical com-
munity. These citations are then spun off onto tapes from which special bibli-
ographies of relevance to dentistry, nursing, rheumatology, toxicology, endo-
crinology, and other special fields are published at regular intervals.
The growth of machine-readable data bases, coupled with networking arrangements
for making these accessible, has greatly increased the availability of informa-
tion services. This can be demonstrated by again citing the National Library
of Medicine as an example. In 1965 when the MEDLARS retrospective search ser-
vice was just beginning, virtually all of the expertise in searching this data
base was concentrated in a handful of search analysts on the staff of NLM itself,
and the volume of searches that could be conducted in the United States was
severely limited, perhaps to something on the order of 3,000 a year. When the
MEDLARS off-line network was fully developed at the end of the decade, the sit-
uation was considerably improved. Through the establishment of a network of
regional MEDLARS centers, and through the training of information specialists
on the staffs of these centers, the number of qualified MEDLARS analysts in-
creased considerably, to perhaps fifty active searchers, and the number of
searches handled in the United States rose to about 20,000 a year. The move to
on-line processing in the 1970s further improved the situation by an order of
magnitude. In 1976 there were about 300 MEDLINE centers operating in the United
States, the number of searchers had increased to approximately 500, and the num-
ber of searches conducted had grown to about 20,000 each month in the United
States alone,'.with many additional searches occurring elsewhere in the world.
The increasing accessibility of information services, as demonstrated in the
MEDLARS example, has had a very favorable effect on their economics because the
economics of information services is very volume-dependent. In 1967 a realistic
estimate of the cost of one MEDLARS search was $150 when personnel costs,
machine costs, and a portion of the costs of creating the data base (the remain-
der being allocated to the published indexes) were allocated to the retrospec-
tive search function. In 1976, less than ten years later, the average cost of
a MEDLINE search in the United States was close to one-tenth of this figure.
Thus, in the case of this data base, at least, the cost per machine search has
come down tenfold in less than ten years.
Some idea of the growth of machine literature searching in the United States
can be obtained from Figure 2. The diagram, which relates only to on-line inter-
active searches, shows an increase from a handful of searches before 1966 to
700,000 a year by 1974, to a projection of more than 1 million by 1975. The
exploitation of machine-readable files interactively in Europe began later, but
had picked up considerable momentum by 1976. Pratt2 identifies over 300 differ-
ent data bases and data banks--some of U.S. origin--now being used in the pro-
vision of information services in Europe. The volume of activity in machine
literature searching in Europe can be expected to increase substantially when
EURONET and SCANNET are fully developed.
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King and his associates3 present the following estimates of average costs per
on-line search by computer in the United States:
1968 $1,040
1969 244
1970 130
1971 100
1972 86
1973 78
1974 75
1975 71
Although these estimates seem rather high throughout, they nevertheless give a
reasonable indication of the magnitude of the reductions in machine searching
costs during this period, which were the result of reduced costs of machine
processing, more efficient and less costly telecommunications, and the spread-
ing of data base investment over a greater volume of use.
There is a related aspect of the economics of information services. On-line
processing makes large data bases available to many organizations and individu-
als who could not otherwise afford convenient access. Take the case of a small
industrial library for which chemistry is a subject of peripheral rather than
central interest. It would probably be uneconomical for this library to sub-
scribe to the printed Chemical Abstracts at $2,400 a year. At a level of demand
of, say, one search every two weeks, the data base access cost alone would work
out to be approximately $100 a search. It is cheaper to buy on-lin'e access when
the need for a search in the data base arises. The on-line search will moreover
be more economical, rapid and thorough than a comparable search in the printed
index. Furthermore, some types of searches would only be practical in the
machine data base, because they are too complex to handle manually (too many
terms in too many combinations) or because they involve the use of access points
that exist in the digital files but not in the printed indexes.
Machine-readable data bases and on-line processing have greatly improved the
accessibility of information resources and have practically eliminated geograph-
ic distance as a barrier to information flow. In the world of electronic com-
munications, the small library can have access to the same range of machine-
readable files as the largest information centers. A one-person hospital library
in a small town can use a terminal to exploit the MEDLINE data base as well as
a number of more specialized files in medicine, thus giving the doctor associated
with this hospital literature searching capabilities more sophisticated and more
comprehensive than every before possible.
Machine-readable data bases also have some impact on the timeliness of secondary
services because the machine-readable version of an index is likely to be avail-
able some weeks before the printed version to which it relates. This is partic-
ularly valuable in the dissemination of information internationally. The
monthly update of a machine-readable file may be flown from the United States
to, say, Australia to arrive days or even hours after it is available for use *
in the United States and some months before the printed analog reaches Australia.
International on-line connections can speed up this process even more.
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In comparison with its impact on secondary publications the computer has had
comparatively little influence as yet on the publishing of primary journals
in science. True, some science journals are photocomposed and thus exist in
machine-readable form at some point. But a very small proportion of the
world's science journals is produced in this way, and little attempt has been
made to use the digital journal text for other products or services. As far
as I am aware, there are no journals issued solely in digital form, although
a small number are issued as microfiche only.
Kuney4 indicated that by the end of 1970 there were well over 1,200 computer
typesetting installations in the United States, but only a very small number
of these are used to produce primary journals. The majority are used in news-
paper production. One of the problems, of course, is that the small organiza-
tions typical of much scientific publishing are unable to afford the capital
investment in equipment needed to implement computerized operations. Moreover,
their scale of operation is likely to be too small for efficient mechanization.
A possible solution to these problems as described by Bamford 5 is the Editorial
Processing Center, a mechanism for combining small publishing operations (with-
out loss of individual editorial control) in order to achieve the scale of
operation needed to apply computerization efficiently and economically.
Considerable progress has also been made in the field of library automation, by
which we mean the automation of the technical processes and "housekeeping"
activities in which all libraries are engaged. Some individual libraries,
especially in the United States and in Germany, are quite highly automated, but
the greatest advances have come from cooperative projects in which a group of
libraries share computer resources to achieve common goals (e.g., in cooperative
cataloging activities). The important thing to recognize about all of these
developments, however, is that they relate to the automation of functions that
remain tied to printed documents. Print on paper is not eliminated in these
automation activities; it is merely handled more effectively, more rapidly, and
more economically. By and large, machine-readable data bases exist not to re-
place printed products, but to produce these printed products more efficiently.
Machine-readable data bases now exist in parallel with printed data bases. It
seems certain, however, that the automation activities conducted so far are
merely the vanguard of the much more radical changes that will occur in sci-
entific communication in the next twenty-five years. We are moving, I believe,
gradually but inexorably to a completely paperless communication system. Cer-
tainly by the year 2000 print on paper will largely have disappeared as a medi-
um of scientific communication.
THE PAPERLESS COMMUNICATION SYSTEM
THE SCENARIO
It is perhaps best to illustrate the paperless system concept by means of a
scenario. I have chosen the year 2000 as the setting for my scenario using
one man as an example, but the paperless system could very well be realized
before this date.
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In the electronic communication system envisaged, every scientist will have an
on-line terminal in his office. Most likely he will also have one in his home.
The terminal will be likely to have some form of video display to receive in-
formation, and some form of keyboard to transmit information. The video dis-
play might incorporate a CRT device, a plasma panel or some other display
mechanism yet to be invented. The keyboard may be only one of several communi-
cation devices available with the terminal. Some forms of communication may
be achieved by light pen, by finger touch, or other mechanisms. These are
technological considerations that must eventually be addressed but which are
unimportant to this scenario.
The scientist in the scenario will use his terminal routinely on a daily basis
for three major functions: (1) to create information, (2) to transmit informa-
tion, and (3) to receive information. The word information is deliberately
used loosely to cover the full range of communication possibilities, including
numerical data, text in paragraph form, diagrams, and so on. The terminal is
the scientist's entry to a vast communication network without geographic bounds.
It can connect him with other individuals to permit conversational interaction,
or it can connect him with an almost infinite variety of data bases.
The scientist will be able to "write" at his terminal, using it to compose both
scientific reports and correspondence. The conventional typewriter will be-
come obsolete in this communications world. To aid in his composition the
scientist will have sophisticated text editing programs available to him. He
will also have available a virtually limitless array of data bases,,and his own
private files as well as public files. He can, of course, call up the notes
he has been assembling for the purpose of his publication. He can go into his
own information files as well as consult on-line dictionaries and other types
of reference tools. Some of his work will actually be handled for him by data
bases residing in the system. For example, he will be able to locate in the
system the papers of other scientists he wishes to quote or to cite, for these
will be available in full text form. He can transfer quotations, diagrams and
other elements from these earlier publications into his own composition, and
he can transfer the citation, in a standard form, directly into his own bibli-
ography without needing to rekey it.
When he is reasonably satisfied with his composition, the scientist can transfer
it by electronic means to some of his colleagues for review and criticism. This
would involve labeling the report with the addresses of those who are to see it
and drafting a covering memorandum. Later, he may choose to make changes to
his report as a result of comments from his peers.
The scientist is now ready to "publish," which means that he is ready to dis-
seminate his report to the scientific community at large. In the electronic
communications world the scientific journal may not exist at all, at least in
its present form. If scientific journals continue to be printed on paper in
this environment, it will be purely for social and/or archival reasons. Sub-
mission for publication means that this scientist transmits his paper for the
consideration of a professional society or other type of publisher rather than
to a particular journal. In other words, he will submit it to be considered
for inclusion in a particular primary data base. If he wishes, the scientist
can match certain characteristics of his paper (e.g., words in title or abstract)
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against a machine-stored index to primary data bases in order to decide which
"publisher" is most likely to be interested. The paper is submitted electroni-
cally to the publisher along with an "electronic letter" of submission.
4Acceptance of the report by the publisher implies endorsement of the composition,
so that the refereeing system will not be eliminated. The publisher will have
access to an on-line file of referees, indexed according to their areas of
specialization, to help determine which referees to call on for the review of
this particular item. The composition will be submitted electronically to the
referee and further communication among author, publisher and referee will also
be handled electronically.
If the composition is accepted for publication, it will be added to the data
base of that particular publisher. Clearly, it will not need to be keyboarded
again, although the publisher may want to make further editorial corrections
or other alterations before adding it to the file. "Publication" implies releas-
ing it to the public. This may mean that the publisher designates the publica-
tion as belonging to a particular segment of the file (roughly corresponding to
the characteristics of a conventional journal). For example, if the publisher
is the American Psychological Association, certain compositions might go into
a "child psychology" file, others into a "psychoanalysis" file, etc. A multi-
faceted paper may go into more than one of these files, which would be roughly
equivalent to putting it into several conventional journals, because it will not
cost any more to duplicate papers among data bases. The files thus created
could obviously be used to print issues of conventional journals if printed
journals still have a role to play in such a communication system (e.g., for
archival purposes).
Subscriptions to journals in the conventional sense will not exist in this type
of system. Instead, the individual scientist of this scenario will subscribe
to some form of SDI service whereby he receives automatically, from multiple
sources, all the items that match his interest profile. The word receive used
in this way means that the bibliographic items that match the scientist's
interest profile will be tagged with his identification and will be accessible
to him through his terminal. He may go into an "SDI mode" at any time of any
day to discover items disseminated to him within a specified time period (e.g.,
the past week) from any source. It is likely that this dissemination will be
handled in a number of stages. Probably the scientist will view citations
first, or possibly citations plus abstracts. If he sees items of interest, he
may then access the full text of the papers.
It seems possible that we will still need secondary data bases in this electronic
world. Certain organizations will remain responsible for indexing and abstract-
ing the world's literature in specified subject fields; however, the secondary
services will also operate on electronic soft copy and will perform their index-
ing and abstracting operations, with computer aid, on-line. Conceivably, in a
paperless system, the secondary services would reduce dulplication of effort
and would be willing to accept the abstracts prepared by other organizations.
It is possible that some form of SDI at a "macro" level could be used to dis-
seminate records from the primary publishers to the appropriate secondary publish-
ers. An improved coverage of subject areas (not restricted by journal title)
should result. There might also be cooperation among the secondary services so
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that the "first one in" is responsible for preparing abstract and citation in
a standard format, although some form of automatic descriptive cataloging is
also possible. In any case, the secondary services would sell access to their
data bases to individual scientists or to institutions and would provide on-
line SDI service in much the same way as the primary publishers.
Let us now return to the individual scientist in the scenario. He will use his
terminal for current awareness purposes. At the terminal he will view items of
all kinds disseminated to him from all kinds of sources--from primary publishers,
from secondary publishers, from work associates, and from professional colleagues
located at other institutions. Professional correspondence will be handled
through this network and conversational interaction will also take place on-line.
Among the materials thus disseminated to the scientist will be research propos-
als, abstracts of ongoing research, "journal articles," research reports, con-
ference papers, information on forthcoming conferences, patents, standards and
specifications, etc. He or his institution will pay for the amount disseminated
to him or, perhaps, for the amount that is disseminated and actually used.
The scientist will also use his terminal in searching for relevant literature
or data when the need for specific information arises. He will have an immense
array of data bases available to him, some covering entire scientific disci-
plines and some in highly specialized areas. Files of numerical and statistical
data, as well as text, will be available. When the need for information arises,
then, the scientist can go to his terminal and put in his request in natural-
language form. This is then matched against a master "query tester," which tells
him which data base or data bases are most likely to be able to respond to his
inquiry, and how much it will cost to interrogate these services. When he has
narrowed down the field to a particular file, he calls it up and interrogates
it. Preferably he should be able to do this in sentence form. At the very
least, the system should be capable of leading him tutorially into the construc-
tion of a correct search strategy. Communication of this type, to satisfy a
particular information need, may involve on-line conversation with another in-
dividual (e.g., a specialist at an information analysis center) rather than
with a data base. Geographic distance will be no obstacle to communication in
such a system because a data base 5,000 miles away can be queried as easily as
one 10 miles away, and perhaps at no additional cost.
The scientist, then, will use his terminal for composition, current awareness,
retrospective searching and data retrieval. He will also use it for file build-
ing. Whenever he views a bibliographic item--full text or representation--at
his terminal, he will be given the ability of adding it to his own files. In
the electronic world, adding an item to one's own files means labeling it with
one or more "file headings" and transferring .it to a designated storage area.
The scientist will thus continue to maintain his own files of data and of bib-
liographic items, but the on-line system will give him capabilities far beyond
those he has in his present environment of paper. He will not be limited by
present "pigeonhole" methods of indexing, but can assign as many headings or
other descriptors as he wishes. He will have the ability to mark certain text
words in such a.way that they will become access points in his own files.. He
can also extract parts of text for storage and can include his own comments
along with the extracts he chooses to store. When the need for information
arises, it is nrobablv to his own on-line files that the scientist will turn
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first. If the needed information or bibliographic items are not available in
his own files, he will be able to expand his search into other files available
to him, as described earlier.
The electronic information system of the year 2000 will have a built-in document
delivery capability. The full digital text of any item will be stored in desig-
nated centers from which the individual user can request that it be transferred
for viewing at his or her own station. For high-quality graphic material, how-
ever, it may be necessary to use microform stores that can be interfaced with
the digital storage system.
Finally, the on-line communication network will greatly improve the possibili-
ties for informal communication because scientists will be able to exchange
materials within the system freely, and will be able to conduct conversations
by terminal with other scientists, even those in remote locations. On-line
directories will provide names and address codes for scientists and these will
be indexed by personal and institutional names, geographic location, subject
interests and expertise, and other characteristics. It is possible that the
need for professional conferences, in their present form, may be greatly reduced
in such a system because small groups of scientists will be able to arrange
their own specialized "teleconferences" using the facilities provided by the
on-line communications networks.
A SYSTEM CONFIGURATION
The configuration of a paperless scientific communication system might resemble
the configuration illustrated in Figure 3. While this diagram is grossly over-
simplified in some respects, it does help to illustrate some general principles.
Four levels of processing are identified in the diagram. The Management and
Monitoring Level controls the whole operation. It maintains data on all trans-
actions and other activities, volume and distribution of use throughout the sys-
tem, file characteristics and use factors, and all other data needed for the
efficient management of the network. It also handles control of message routing
in the network and certain types of billing operations. Besides management and
monitoring at the national level using national computer facilities, there will
be monitoring operations conducted at lower levels in the hierarchy, in which
regional and local facilities are used.
The Document Access Level, again using national facilities, contains the stores
of digital text, various master indexes to these files, and various types of
supporting files and resources. The User Support Files contain programs made
available for the convenience of all users in the system, including various
types of search programs, text editing programs, and programs for statistical
and mathematical analysis. The Reference Tool File includes various kinds of
directories (of data bases, information centers, individuals), providing
addresses of resources in the network, dictionaries, and other types of refer-
ence tools for the use of authors and other individuals within the system. The
Comments File provides a "public record," a kind of mailbox, in which any scien-
tist can leave a comment or evaluation relating to any document in the system.
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The science communication system is conceived of as storing a document in
digital form only once, in however many "files" (of primary publishers, second-
ary publishers, libraries, or individual scientists) it may appear. Although
Figure 3 shows the document store as a single central digital file for conven-
ience, it is quite possible that, to facilitate access and to- provide neces-
sary backup, the file will be duplicated in various locations. It might also
be partitioned so that segments are spread over a number of digital storage
facilities. These are important system design considerations but they do not
change the overall system conceptualization as illustrated.
The digital text files will contain documents of all kinds: journal articles,
technical reports, abstracts, resumes of ongoing research, patents, standards,
conference papers and programs, and so on. Everything will be in digital form
except for certain high-quality illustrations (e.g., medical), which will be
stored in some other format, perhaps microform. The Master Index Files con-
tain "public access points" to the text files. What access points are included
in these files, and who provides them, need not concern us here. Presumably
they will provide access by various types of document number and by standard
cataloging approaches (author, title, etc.). It seems reasonable, too, that
the primary publisher should have the responsibility for supplying these and
any other access points desired, unless this role is assumed by the Library of
Congress, the British Library, and other organizations which now produce nation-
al bibliographies, union catalogs, and similar tools of bibliographic control
in printed form.
At the Institutional User Level there are primary publishers, secondary publish-
ers, libraries and other information centers. A document, stored once in the
digital text files, would exist in the files of one primary publisher, several
secondary publishers (indexing and abstracting services), and many libraries and
other information centers, as well as in the files of individual scientists and
other users. Existing in the files of an institution or an individual merely
means that these institutions or individuals include in their own access files
various pointers to the document. The primary publisher will provide access
points corresponding to the present divisions or "packages" in scientific pub-
lishing. Thus, a society may still publish a number of "journals" and various
items in the digital files will be designated as belonging to these various
journals. The primary publisher will also provide access to the document by
author, title, and perhaps by some form of subject indexing.
The access points given to a document by the secondary publishers correspond to
the index terms or other subject codes now contained in the published indexing
and abstracting services. When an abstract is created for a document by a
secondary service (as opposed to being supplied by author or publisher), it will
be stored as digital text in a separate file at the Document Access Level. In-
creasingly, however, the responsibility for preparation of abstracts will pass
to the primary publisher and an "official" abstract, prepared according to
national or international standards, will be stored as part of the text of the
document itself. Thus, although an article may exist in the data bases of
twenty secondary services, it will only be abstracted and descriptively cata-
loged once, although it will be indexed in twenty different ways to represent
differing emphases and viewpoints. Likewise, libraries, other information
centers, and individual scientists may include a document in their files by
providing their own pointers to it.
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Figure 3 shows various levels of computer facilities; national, regional and
local. The overall management functions, the document access functions, and
possibly some of the institutional access functions will be handled by nation-
al computer facilities. Other functions will be handled by local or regional
facilities. Thus, a scientist's own files, consisting of pointers to the digi-
tal text files and whatever he or she wishes to include in these files (cor-
respondence, comments, notes, drafts) will be stored on a local facility--
perhaps a minicomputer--while institutional files will be handled by local or
regional computing resources.
All of these facilities, national, regional and local, must be integrated within
the overall network so that there is full communication between all levels of
the hierarchy as well as within each level: scientist to scientist, scientist
to institution, institution to scientist, institution to institution, and all
of these in communication with the national stores. Scientists may go directly
to the document stores under certain circumstances or they can obtain access
through primary publishers, secondary publishers, libraries, or other informa-
tion centers. These various institutions can disseminate among each other and
disseminate down to the individual user. Individual users can also exchange
materials among themselves.
SOME FEASIBILITY CONSIDERATIONS
It is not my intention to present a detailed discussion of all feasibility con-
siderations, nor to attempt a complete cost-benefit analysis of thi paperless
system. Nevertheless, some general comments on these topics seem in order.
There is no part of the electronic system as described above that is not tech-
nologically possible now, and the situation can only improve in terms of tech-
nical and economic feasibility. Senders and his colleagues, in discussing the
feasibility of an "electronic journal," have claimed: "The electronic journal
can be easily realized with equipment that can be bought off the shelf today
at a price that compares favourably with the price of paper publication."
These investigators calculate that the full text of about 25,000 science jour-
nals (i.e. about one-half the present world output) would require 4 x 1012
bits of on-line storage each year. If laser memories are used, they calculate
that storage costs will be $1.2 million a year, which is a very small amount
considering the amount of text involved. Taking only journal production costs
into account, they estimate that the cost of the electronic journal would be
equivalent to the cost of the paper journal by 1978. When all "hidden costs"
are considered, however, indluding costs of disseminating and using journal
articles on-line, the cost of the electronic journal will equal the cost of
the paper journal by 1996 and will be cheaper thereafter. They estimate that
a capital outlay of $60 million and annual operating costs of $10 million
would allow the implementation of an electronic journal publishing 47 million
pages a year, which they claim is equivalent to the world's journal output in
English. This analysis is based on a system employing a dedicated telecommuni-
cations network capable of supporting up to 31,500 users simultaneously.
This cost analysis seems pessimistic in some respects. First, these investi-
gators are assuming that the journal will bear the full costs of the telecom-
munications network, including terminal costs. Such an assumption is unrealistic
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because the overall network is likely to exist for other reasons and scien-
tists will use terminals for many purposes. Moreover, all of the potential
savings, in writing and recording time, in communication among authors, pub-
lishers and referees, and in dissemination and use costs, are not taken into
account. If they were, the crossover point in the economic comparison could
come well before 1996. If the present science communication system is real-
istically costed it represents very considerable expenditures indeed. King,
for example, has made an estimate of over $13 billion as the total annual
cost of disseminating scientific and technical information in the United
States by present procedures,7 and the electronic system has the potential
for offering considerable savings in a number of the functions involved.
There are many hidden costs in the present system, and some of these costs
are easily overlooked. Parker has something very pertinent to say about one
aspect of these hidden costs:
Before the industrial revolution many "industries" were cottage
industries with people working in their own home. In an information
age it may be desirable to partially return to a style of work at
home for many information occupations. When computer terminals and
computer newtorks are as accessible to every home as telephones and
the cost of word processing on computer terminals with electronic
storage is cheaper than word processing on typewriters with paper
storage, then many people in word processing occupations will work
from home the way many computer programmers in the United States
now work from home using portable computer terminals anda telephone
connections.8
Parker goes on to point out that the situation in which more work is done at
home and less commuting is involved offers the possibility of considerable
savings in money, time and natural resources (e.g., gasoline). These are all
examples of hidden costs that must be taken into account in any complete and
realistic cost comparison between the print on paper and the paperless system.
It is the benefits of the electronic system, however, rather than potential
cost savings, by which a move to paperless processing can most easily be just-
ified. Parker has gone far beyond other writers in his claims on the economic
and social significance of improved information processing. He points out
that we are on the brink of a new social revolution, the information revolu-
tion, which will be just as important as the industrial revolution. This
implies a transition from an industrial society to an information processing
society, a society in which information processing will dominate industrial
production as a labor activity. He goes on to predict that future economic
gains will be made through the information sector rather than the production
sector, and that governments in the long run have more to gain from investment
in improved information processing than from further investment in industrial
productivity. Finally, Parker makes a strong recommendation that now is the
time for governments to develop the communication systems needed to achieve
these economic gains: "It makes a great difference to the economic develop-
ment of a country whether a communication network (or new modes on the net-
work) are treated as essential infrastructure needed for development or
whether it is treated as a consumption or luxury item to be provided only
after the demand is great."9
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It seems clear, in fact, that the paperless communication system in science
must be looked upon as an economic necessity rather than a luxury, because the
system cannot continue indefinitely in its present form. The National Science
Foundation has something very important to say on this point: "The limits of
what can be communicated by printing, mailing, storing, and retrieving pieces
of paper may be at hand. Certainly, for any real improvement in the accessi-
bility and usefulness of information an alternative must be found."1 0
There are many advantages to the electronic system on the "benefit" side of
the cost-benefit equation also. Some of these should be readily apparent, so
I will not attempt a complete enumeration here. Besides the potential cost
savings, publication delays can be considerably reduced and the literature of
a field will no longer be so scattered or fragmented because it will all be
equally accessible from a single source. In the electronic system the scien-
tist will have access to vast information resources without geographic bar-
riers. The scientist in a remote location may no longer be at a disadvantage
in comparison with colleagues at major research centers. Informal communica-
tion can also be greatly facilitated, and cooperative authorship, even with
authors in other countries, becomes more practical.
We are already a great deal closer to implementing a paperless system than
many might suppose. Many elements of the system already exist, at least in
experimental, prototype or operational form, and many of the capabilities have
already been demonstrated. It is appropriate, then, to consider what elements
do exist and what some of our recent achievements have been. Recent or on-
going activities that will contribute to achievement of the electronic informa-
tion system include the following:
1. The increasing use of machine-readable input in the production of primary
and secondary publications by photocomposition, COM, and related techniques.
2. The rapid growth over the past decade in the availability of machine-
readable files of bibliographic and other forms of data, and the equally
rapid growth of information services derived from these data bases.
3. The development and growth of on-line, time-shared interactive computer
systems, and the application of these to information services.
4. The emergence of networks of connecting computers, and continued work on
the development of improved telecommunications capabilities by satellite
and other means. Improved digital transmission capabilities are partic-
ularly important to the implementation of a worldwide system for science
communication.
5. The use of on-line systems for indexing and cataloging operations and for
cooperative enterprises within the library world.
6. The use of on-line systems in several U.S. universities to support the
building and exploitation of information files by individual scientists
and other professionals.
23
7. The development of large-scale, international on-line systems for a number
of business applications.
8. The increasing use of computer-aided instruction (CAI) throughout the
educational process and the development of systems, such as PLATO, of
increasing size and sophistication.
9. The growth of cable television and of the use of this communications medi-
um in interactive applications.
10. The growth of interest in the development of "information utilities."
11. The conceptualization of a more widespread application of computer tech-
nology to scientific publishing as exemplified by the work on the economic
and technical feasibility of Editorial Processing Centers.
12. The development of more efficient and economical mass storage devices as
exemplified by laser, magnetic domain, and charge-coupled devices.
13. The development of improved and innovative video display devices such as
the plasma panel and its modification, the touch panel.
14. The routine use of digital communications by press services and other
disseminators of news.
15. The wide availability and increasing use of programs for on-line text
editing.
16. Parallel developments in other fields, including the concept of the paper-
less office as discussed by Yasaki.1 1
17. The clear demonstration of the technical feasibility of a completely
paperless communication system within the intelligence community in the
United States.
This list is intended to be illustrative rather than complete, and it is not
presented in any logical order. In fact, the last item on the list is undoubt-
edly the most significant factor.
SOME PROBLEMS OF IMPLEMENTATION
We have already claimed that the paperless communication system can be imple-
mented now. By this we mean that there exist no real technological barriers
to its implementation. This is not to imply, however, that there are no prob-
lems to be solved before the conversion to an electronic system can be accomp-
lished. There are many problems. These problems seem to be of three major
types: (1) technological, (2) intellectual, and (3) social. This is a sequence
of increasing complexity.
Technological problems do exist, but they are problems of scale rather than
problems of lack of scientific or technological breakthrough. Although we
have spoken of an "electronic system," it is clear that we are in fact speaking
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of a very large number of separate systems. The system design problems in-
volved in linking these into a cohesive network, so that one system can freely
exchange data with another, are very considerable ones. Moreover, there are
many complex problems of file organization and file interconnection that would
need to be solved. In theory, a particular bibliographic record (e.g., the
full text of a paper) need only to be stored once in a universal system. Al-
though this record might exist in hundreds of different files, these files
would simply store "pointers" to the complete record. In practice, there are
many problems involved in implementing such a "one record" system when ques-
tions of reliability and backup and problems of queuing are taken into account.
Another type of technological problem was mentioned earlier. An electronic
information system of the scale suggested in the scenario implies the develop-
ment and implementation on an international scale of efficient and inexpensive
networks for the transmission of digital data, without the need for digital-
to-analog and analog-to-digital conversion. As Parker has pointed out, the
time-shared digital network must also have redundant channels and error-
checking procedures. 1 2 Such networks do not presently exist, although there
is every hope that they will exist within the near future.
At the technological level, we also have problems of reliability and security.
An electronic information system of the type proposed must have an extremely
high level of reliability and backup. All files need to be "backed up" so
that there is no possibility of complete loss. Computers in the network need
to be interchangeable so that an overload in demand can be switched to another
unit having processing time available. Surplus computing power must be avail-
able so that a spare unit can be plugged in to replace one that is malfunction-
ing. A breakdown at any part of the network may lead to temporary degradation
of performance (e.g., as measured in response time), but it cannot be allowed
to interrupt a particular facet of service completely. Problems of file sec-
urity must also be resolved, because not all files will be accessible to every-
one. The personal files that a scientist builds, for example, should be acces-
sible only to that individual or to others he or she has specifically author-
ized to use them. Depending upon the methods of file organization employed,
the security of a particular file may be a question of securing sets of access
points so that a particular individual can retrieve a particular record only
through a certain set of access points (such as those provided by that individu.
al) and not through the many other sets of access points that are open only to
other individuals or institutions.
Finally, at the technological level, we have the problem of designing and im-
plementing a giant management information system for monitoring purposes or,
more likely, a whole set of such systems. Extremely sophisticated monitoring
systems will be needed for purposes of efficient message routing, for maintain-
ing statistics on file size and traffic, for billing purposes, and for a whole
host of management control activities.
Some of the intellectual problems that have to be faced include the following:
(1) lack of compatibility in indexing vocabularies, (2) lack of compatibility
in query languages, (3) lack of "natural-language" orientation in many systems,
and (4) language barriers to effective international networking operations.
These problems seem more difficult than those of a technological nature because
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they have not yet been successfully tackled on a small scale, much less on a
grand scale. Yet, the problems have been recognized and some research is al-
ready underway in these areas. Examples of such research include the work at
the Electronic Systems Laboratory at M.I.T. on system interfacing 1 3 and the
work underway, mostly in Europe, on the development of "intermediate lexicons"
or switching languages capable of converting from one controlled volabulary
into another.1 4  It seems likely, however, that much more research will need
to be undertaken in these critical intellectual areas and that, in the elec-
tronic information environment, we may see a resurgence of interest in the
areas of automatic indexing, automatic abstracting, and even machine transla-
tion, areas of research that have been relatively dormant for almost a decade.
One other intellectual problem is worth mentioning. In a vast international
electronic information system the individual scientist will have the ability
to access literally hundreds of different data bases. At his fingertips he
will have access to the electronic analog of a great research library. In
order to use this resource effectively, he must be led into it at the opitmal
point; hence, the need to develop some form of "query tester," a device that
is a detailed index to the contents of data bases. In response to any natural-
language request, such a query tester will tell the scientist which data base
is most likely to satisfy his needs. In fact, where several possible data
bases might be of use, this device would rank data bases in order of their
probability of responding to the request. The need for such a device, even
in the existing environment, has been discussed elsewhere by Lancaster.15
The social problems are likely to present the greatest obstacle to the achieve-
ment of an electronic information system in science. The electronic system
represents a completely different way of "doing business." Conventional forms
of publishing will disappear, or at least assume diminished significance. The
conventional unit of scientific publishing, the scientific journal, if it does
not disappear completely, will be recast into a much different form. Subscrip-
tions, in a conventional sense, would be replaced by somewhat different methods
of billing. There is also a copyright problem, which is difficult enough right
now but will be ten times more complex in a completely electronic system. The
social problems, then, seem to be the most thorny. We can foresee great re-
sistance to the whole idea of electronic communication in science, not so much
from individual scientists, but from existing institutions, particularly the
publishers of science materials. The respective roles of the primary publisher
and of the secondary publisher must be completely redefined in the electronic
world and, in fact, these roles may become much less clear than they are at
present. The functions of research libraries would also need to be redefined.
Finally, we must mention a related group of problems which we can refer to as
psychological problems. Will scientists be willing to adapt to a largely paper-
less environment? The science community should certainly be both progressive
and adaptable. There is every reason to suppose that the majority of scientists
would be willing to adopt any system or device that can clearly be demonstrated
to improve on the existing situation. We would mention one further point here.
We are conceptualizing an electronic information system more for a future gene-
ration of scientists than for the present generation. To this new generation
on-line terminals are likely to be as commonplace as the telephone is today,
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because almost certainly they will have used these devices routinely throughout
the educational process. Scientists of the year 2000 will not merely accept an
electronic information system; they will demand it.
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